The discovery of two distinct Chlamydomonas sensory receptors responsible for phototaxis reveals additional diversity among the microbial rhodopsins. Sequence and architecture comparisons among this growing family highlight key components for lightresponsive functions.
conserved among the visual rhodopsins, members of the largest class of eukaryotic membrane receptors: the G-protein coupled receptors, which trigger intracellular signaling cascades [12] .
Like the visual rhodopsins, light-activated sensory rhodopsins I and II also couple to a second, transducer protein ( Figure 1) . Here, interactions between the activated receptors and their cognate transducers initiate a sequence of protein phosphorylation events that culminate in flagellar motion [13] . The findings of Sineshchekov et al. [10] provide the first example of a functional role for eukaryotic archaeal-type rhodopsins. Moreover, they are the first cases of rhodopsins in which the seven-helix retinal binding structure is a domain of a much larger protein, presumably for photosignal transduction from the photoreceptor domain ( Figure 1 ). This appears to be a completely new paradigm for coupling changes in receptor structure to signal transduction events that generate a cellular response.
Recent efforts in microbial genome sequencing have identified a number of archaeal rhodopsin homologs. The microorganisms containing these homologs live in widely diverse environments and include examples from proteobacteria, cyanobacteria, algae and fungi [11] . In particular, the EST project on Chlamydomonas at Kazusa DNA Research Institute in Japan yielded cDNA fragments with coding regions homologous to the archaeal rhodopsin apoprotein (opsin). This discovery provided an important breakthrough in establishing CSRA and CSRB as the first archaeal-type sensory rhodopsins in a eukaryotic organism. Using doublestranded RNA inactivation (RNAi) to selectively suppress expression of the genes for either CSRA or CSRB in Chlamydomonas, Sineshchekov et al. [10] obtained convincing evidence that these two sensory rhodopsins function as the photoreceptors for phototaxis.
Photoexcitation of either sensory rhodopsin results in the generation of a photocurrent. While CSRAenriched cells generate a fast photocurrent that saturates at high light intensities, CSRB-enriched cells exhibit a slow photocurrent that saturates at much lower light intensities. Superposition of these currents gives rise to composite signals that are characteristic for the phototaxis receptors of green flagellated algae [14] . Importantly, independent analysis of CSRA by T. Takahashi and colleagues at Toho University in Japan, who refer to this algal rhodopsin as ACOP1, has confirmed its localization to the eyespot (T. Takahashi, personal communication).
When Sineshchekov et al.
[10] measured the wavelength dependence of the photocurrent in the Chlamydomonas RNAi-transformants, they observed that CSRA and CSRB exhibit distinct absorption properties. CSRA has an absorption maximum near 510 nm, while that for CSRA is around 470 nm. The amino acid residues lining the predicted retinal-binding pockets of CSRA and CSRB are identical, indicating that differences in the position of these residues, determined by changes in residues outside the pocket, must be responsible for the spectral difference. These findings suggest that differences among amino acid residue(s) outside, but near, the chromophore environment play an important role in spectral tuning.
The fast kinetics of the photocurrent in CSRAenriched cells, coupled with its high light saturation, suggest a mechanism of current generation that is distinct from that of CSRB, where the delayed kinetics of the photocurrent and its low light saturation are consistent with a biochemical relay mechanism. In this context, it should be emphasized that the photocurrents themselves may not be directly generated by CSRA and CSRB. Instead, photoexcitation of CSRA and CSRB may activate a downstream channel(s), and produce the resulting membrane currents ultimately responsible for phototaxis.
Sequence comparisons by Sineshchekov et al. propagating a signal to the flagellar axoneme awaits further experimentation. A second research group has obtained evidence that algal rhodopsins function as light-gated proton channels. New work from Nagel et al. [16] shows that channelrhodopsin-1, the equivalent of CSRA, exhibits photoinduced channel activity specific for protons when expressed in Xenopus laevis oocytes. Even the photosensitive seven-helix core alone exhibits this light-induced channel activity. Similar analysis of channelrhodopsin-2, the equivalent of CSRB, shows this activity as well (P. Hegemann, personal communication). The functional significance of this channel activity in producing or triggering photocurrents in Chlamydomonas remains to be demonstrated, but now that the identity of the phototaxis receptors are finally evident, a role for this activity in phototaxis signaling is ripe for investigation.
